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ABSTRACT - 

This report fulfills the requirement of Public lav 
94-353 that requires the Secretary of "Transportation to report to the 
Conqress with respect to the feasibility, practicability, and cost of 
soundproofing noise-impacted schools, hospitals, and, public health 
-facilities, in order to reduce the possible adverse effects of 
aircraft noise. A survey of the impact of aircraft noise on 60 school 
and 'hospital buildings was conducted, near ,six major U.S. airports 
within Noise Exposure Forecast (HEF). areas to acquire a 
representative sample of aircraft noise impact on such buildings 
nationwide* Building modifications for noise reduction purposes were 
estimated for the sample of 60 buildings*- Resultant noise reductions 
and costs provided 'a basis for extrapolation to all such' buildings 
within a MEF impact area around airports nationwide. (Authojr/HLF) 
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Honorable Thomas P. O'Neill, Or. 
Speaker of the House of Representatives 
Washington, D.C. 20515 



-Dear Mr. Speaker: / 

I am pleased to transmit to. you Ihe enclosed study/ entitled 
"The Feasibility, Practicability and Cost of the Soundproofing 
of Schools, Hospitals, and Publ.'c Health Facilities Located 
Near Airports." This study is. required by Section 26(3), 
Appendix B of the Airport and Airway Development' Act Amendments 
of 1976 (Public Law 94-353). / 

As a resuit of this effort', I have concluded thaVthe sound- ' « 
proofing of schools, hospitals, and public health facilities is 
feasible and practicable. The Department of transportation will 
be considering what further' actions may be appropriate to promote 



this type of noise alleviation. 



Sincerely, 




Brock Aclams 



Enclosure 
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DIGEST 



miction 26(3) of the Airport and Airways Development Act Amend 
of 1976 (P. L. 94-353> requires die Secretary of Transportation < to 



ments 



. - * J tkuitd^m LUblUII - 1_ (J 

^report to the: Congress with respect to the feasibility, practicability, 
and cost of soundproofing noise-impacted schools, hospitals, and public 
health facilities, in order to reduce the possible adverse effects of 
aircraft noise. This report fulfills that requirement. 

There is no known direct health effect (e.g., hearing loss) on the- 
occupants of public buildings due to aircraft noise in the United States 
Aircraft noise does interfere with speedh communications in affected 
schools, and with sleeping or resting in affected hospitals and public - 
health facilities. 7 .. 

\ survey of the impact of aircraft noise on 60 school and hospital " 
buildings was conducted near six major U.£. airports within Noise Ex- 
posure forecast (NEF) 30 areas to.acquire a representative. sample of 
aircraft noise impact on such buildings nationwfde. These types of pub- 
lic buildings provide roughly a 20 decibel (dB) reduction of exterior 
noise levels, so that interior noise from outside sources is perceived 
to be approximately one-quarter as loud as that same noise just outside 
each building (each 10 dB reduction corresponds to a halving of the 
perceived loudness). For example, an aircraft flyover producing an A- 

- weighted sound level of 90 dB outside a school building would produce a 
level of 70 dB inside the classrooms of that buildings This level of - 
noise is sufficient, to interfere withspoken communication between . 
teachers and their students, and thus interrupt classroom instruction. 
Improved notf.se reduction requires building modifications, to. increase 
the sound attenuation of the walls and codings. It was fouAd that, 
certain building modifications could be grouped into categories which 
provide the same order of improvement in sound attenuation. Category A 
modifications, providing a 10 dB improvement, primarily consist of 

, replacing existing windows with 'sealed double glazing, and installing > 
weatherstripping and insulation. Category B modifications, providing a 
20 dB improvement ."include eliminating windows and sealing those areas 
with existing wall materials. "Mechanical ventilation . is included in 

. either category. 

Building modifications for noise reduction purposes were estimated 
for the sample of 60 buildings suryeyed\as part <bf this study. Resultant 
noiso reductions and- costs provided a basis for extrapolation to all 
• such buildings within a KEF 30. impact area around airports nationwide. 

^ The; nationwide cost estimate for rehabilitation of noise-impacted 

public and pr ivate, schools, hospitals* and public health facilities near 
airports is shopa In the following table together with the number of 
noise-impac ted occupants in these buildings. 



Itep Schools . * k Hospitals* 

Buildings * 1,100 . 90 

Occupants 707,000 31,0Q0 

Rehabilitation Cost $148,000,000 $56,000,000 • 

^Includes Public Health Facilities 



-The rehabilitation^ costs are_ those necessary to achieve feasible 
and practicable limits of soundproofing* While not as accurate as a 
case-by-case application, these modifications reduce the total number of 
students impacted within the study (above an ambient Arweighted sound 
level of 55 dB) from 84.0 .to, less than 10.0 percent, and the total * 
number of patients impacted (above an ambient A-weighted sound level of 
50 dB) from 97.5 to 21.0 percent. Reduced levels of rehabilitation 
might be preferable to those levels of improvement evaluated within the 
study. These determinations should be made, however, on a case-by-case 
basis. ' * 

As a result of the two categories of rehabilitation assumed in the 
^tudy for schools, hospitals and public" health facilities, it is estimated 
that annually for schools, an average of at least $3.S million worth of 
teaching time can be re'- vered apd $1.78 million worth of energy costs 
can be saved. For^hospicals and public health facilities, the energy * 
savings are estimated at $.25 million. Additionally, benefits attributed' 
to ,redticed patient care time are indicated . although this benefit has not 
been estimated. % • . / 
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CHAPTER 1 



INTRODUCTION 



f-ublic Law 94-353,* enacted July 12, 1976, requires that "the " 
^ Secretary of transportation conduct a study to assess "the* feasibility, 
practicability, and cost of the soundproofing of schools, hospitals, and 
public healthy facilities located near airports." In conducting the 
_ stydy, the Secretary was to consult with and solicit the views of such 
planning agencies, airport sponsors, other public agencies, airport 
users, and other interested persons or groups as deemed appropriate.. 



The Secretary was /urther\requiTed to report the study results to 
Congress within on>e year of the date of enactment of Public Law 94-352 
hxxd to include legist. ive recommendations, if any, developed as a. result 
or 'the study. * 

The findings and results of this report are based on a study con- 
ducted and associated efforts undertaken by the Office of Environmental 
Quality of the^Federal Aviation Administration (FAA) ♦ 

» » c ■ 

# Sub^quent to the passage *of Public Law 94-353, the Department of 
Transp/efrtation (DOT) /FAA has developed a comprehensive Aviation Noise 
Abatement Policy statement (November 18, 1976), which stresses the need 
for vigorous preventative and corrective measures to, minimize the "impact 
of aviation noise. Moreover, the DOT/FAA policy recognizes that ..those 
efforts ennnot be successfully concentrated upon the airplane alone. 
Action c6mjjlementary to the quieting of the noise ^source x (the aitcraf t 
engine) such as effective land use planning must also be encouraged. 
The Soundproof ing of existing buildings is certainly consistent with 
that policy subject only to the constraints of feasibility., practicability 
arxl cost. In addition, recent amendments, to the Federal-aid highway 
statutes permit Federal expenditures 'for the .purpose of noise attenuation. 
Soundproofing of public, and in some cases private structures on a case- 
by-case_basis is proceeding under this authority. 

The study program established to fulfill the legislative requirements 
inClycled consultation with recognized experts in the field*of acoustics 
and psychoacoustics; discussions with jof f icials having jprisdictibn in 
the schools, hospitals and public health facilities under consideration*, 
and actual field visitation a.t a representative sampling of building sites 
jto -gather data from which determinations of costs and benefits would be 
derived. To assist in completing the techn .cal aspects, the field 
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investigations, and the statistical impact and costing analysis of this 
•study program, a contract was established with the Trans Systems Cor- 
poration, Vienna, Virginia* in conjunction with Wyle Laboratories, El . 1,. 
Segundo, California. This report is^ based in large part on the results 
01 that contractual effort. The d6cument (DOT/FAA-AEQ-77-9) containing 
the contractual data compiled is available upon request. - / 

This report is presented in a sequence which parallels the actual 
study program development. First, the study data had to be obtained. * .* 
This exercise is detailed in ^Chapter 2 andLLcontains a discussion of such 
related major items as determining the noise- impacted areas; the numbers 
and regions of thte field tests required in ord4r to develop accurate . M 
data for "use in national- level projections; the methodology through 
which field noise measurements would be taken; and the instrumentation 
necessary for acquiring meaningful data. ^ 

The magnitude and determination of the noise impact on schools, hos- 
pitals and public health facilities around airports were developed next 
• and are discussed in Chapter 3. This part o| the work stemmed directly 
frftm the field investigations and measurements taken. 

* * * 
Chapter 4 details those corrective engineering and construction 
techniques determined to be applicable in rehabilitating buildings 
impacted by airport-related noise in order to lower interior noise 
levels. ^ . . 

The determination of costs related to the rehabilitation of airport^ 
noise-impacted buildings is contained in Chapter 5 and is presented on a| 
national level. Varying regional construction and material costs were 
taken into consideration in addressing this aspect of the work. 

Chapter 6 discusses the benefits that couldL be achieved through the 
soundproofing of public buildings and defines ,tho§e benefits considered 4 
t^T~be most significant. ^ 

v 

A determination of the feasibility and ^practicability of such 
♦soundproofing is, in reality, a 'reflection of Chapters 4, 5 and 6 
(Rehabilitation, Costs and BehefiOs,' respectively) and is treated in 
.Chapter ?. • * . 

. Chapter ^8 describes the type and extent of consultations^ and 1 
coordination undertaken' at the various stages of the soundproofing study 
program and is followed by a summary chapter (number 9) which reiterates 
the basic findings of the entire study. 

h • * 

Apart from the study's obje.ctives, but o£ direct .interest, it is 

wgrtiv noting that* activity on soundproofing of public buildings £s pro- 
ceeding at several locations as a result of local litigation. % In Seattle, 

the operhtor of the Sn,a/.tle-Tacoma«»Airport /is being required to bay the 
> * • 



cost of soundproofing several schools*. This requirement arose out- of 
litigation which culminated in ans>5pi!>ion by the Washington Supreme 
Court., In Highline School District Kr. Port of Seattle . 87 Wash 2d 6* 548 
P. 2d 1085 (1976), the Court held- that where a governmental unit is 
obligated to. furnish service which requires use of property, gust 
compensation may be measured By the cost of providing necessary replace- 
ment* facilities or'the cost of modifications necessary to continue the 
o # bligatj^ry use. . • * . % 

V , - ' - . - • - *• t ? 

w In a similar master, the soundproofing, of between 30 and -35 schools 

.near Los Angeles Airport is JTaking place under a cqnsent decree. In 
Los Angeles Unified Sc hool v The City of Los' Anaele s. Los >ngeles Superipr 
Court No. 965067 (1976), the parties agreed to exchange $20.9 million for. 
a noise easement on 63 schools in five school ^districts. The City of 

^Los Angeles has filed- a pre-application with FAA for funds, through 
the Airport Development Aid Program, to assist in this work. FAA * 
is currently assessing this project .to determine its possible 
eligibility "under existing statutory authority. 
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DATA . ACQU IS ITJOK 



DETERMINATION OF NOISE IMPACTED AREAS - »-;\ . 
W- . ' \ „ . • . 

Investigation,^ 'buildings located Vne^r airports"* (as defined ^in . 
Public Law 94-353) first required a .functional definition of an aVea 
around airports imfiacted by aircraf tVuoise.* The buildings Considered in 
t"he study would then be those within such an impacted area. * ' ^ 

The area of noise 'impact surrounding an airport varies as £ function 
of the aircraft type 'and number of operations to anc^ from tjje aitp'ort. 
The soundproofing study used a common impact assessment approach for ali 
.airport-community areas considered. The selected approach is krrown as* the 
Noise Exposure Forecast (N&F) methodology*, 'with NEF 30 designating the • 
impact area. . While several metrics ^xj st for def ining'noise exposure 
around airports < NEF 30 is recognized ^and ( understood as an exposure level 
above which community concern mounts. Therefore, for this* study, the 
schools, hospitals and public health facilities identified as being noise 
impacted are those located within NEF 30 co.ntours. Exceptions to thisV 
impact criterion were made where a^ local authority identified «a spcci^c 
site, outside NEF 30, as noise sensitive ^ 

FIELD INVESTIGATIONS \ - 

— p : • 

" , At the outset it v;as evident that a representative but limited 
•number of on-site investigations had to be made -of schools*, hospitals 
and public health facilities around airport^. t The on-site sampling was 
necessarily limited by funding and titae constraints. 

• • • • 

* Six different regions within the continental United States were^ 

established as sampling regions. The basis for the determination of 
"sampling regions included climatic conditions, availability of building 
.materials and* laf>or, t^pe o£ seismic zone, local cw^ruction trends, . 
and local 'economic conditions. Figure 1 shows the geographical separ~ 

* ation of these divisions. A brief description of each region with its 
' qualifying conditions follows: /V 

9 : . • • 

— Region A: The Pacific Coastline. The climate is relatively 

mild as far inland as 'the Sierra Nevada foothills. This area 

contains three major metropolitan sections. . The population conpen- 

tration i$ relatively high, bringing with it the influx of stilled 

trades. .Lumber ik plentiful as are aggregates for concrete *and 

most^othec standard building materials.. The high ec'onpmic level 

of a metropolitan and industrial area permits use of more expensive 

methods ajid materials for aesthetic purposes. Seismicity for this 

area is high and is an important consideration. < 
. » * \ 



* C — Region B:* JAland Southern California, Southern Nevada, and 
Southwestern ArizQna.- Climate of hot, dry summers and relatively 
njild winters. Closely spaced metropolitan areas do not exist, 
feuir.ljer is imported, but sajid and;,aggregates for concrete block 

are plentiful. Therefore, in this area^buildings will have a 
greater percentage 'of concrete masppry. Concrete block structures 
are cool in the long summers* * Th/i common stud-and-stucco coirfbination 
is also popular, as" maintenance is low in,compa*4son to wood which 
requires moce^f requenU painting* . , • , 

—Region C: The Gai£ Cpast and South Atlantic Coastline, 'This area 

has a relatively mi^d climate with high humidity and is subject to 
: violent tropical storms, £lay w f?V brick is readily available as 
•is local lumber. Brick and concrete block construction is popular. 
m • When wood framing is used, it is -j^ten protected by brick veneer. 

Becausq of the high humidity and generous rainfall, concrete block- 
is of te\tj protected by exterior plaster.. ' 

—Region D* Eastern Seaboard and Inland to Central Illinois. 
The* climate-) is quite cold for, half the year and insulation properties 
are important,. Brick, clay and local lumber are available, 
and <Jus -labor, ^voidability in* all trades is generally good. 

*••**'* • 

--Region E: Great Lakes (Western) States and Central South. 
Although the§e areas have consx'derably different climates, the 
average construction is similar due to 'economics.- Lumber is * S 

* local and plentiful,* as *i 4 s clay tor brick. 

— Region -F: Central States. These areas are governed more by 
economics than by climate. All parts of this a*ea experience t 
below-freezing winters and hot, moderately humid* Rummers* More 
important s however, is the commonality that, with *the exception - 
^ of very localized spots such as the Seattie-tacoma area, urbanization 

and* industrialization are not concentrated; consequently, the 
economy of the area is the' prime factor, and materials and con- 
struction combinations giving **est insulation at least cost are 
dominant. 

*. 

On-site field investigations were conducted at a major hub airport- 
community- within each of the six regions: •Tlie airport-communities 
» investigated wen*: - % * 

t — Region A: .Los Angeles, CVlifornija. 

< 

. # — Region B: Phoenix, Arizona. 

— Region C: Miami,, Florida. - . * 

— Region D: Boston, Massachusetts. 



— Region ,E: Atlanta, 0 orgia. 
— Region F: Denver, Colorado. 
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Within the noise impacted area surrounding each airport., ten building 
(schools and/or hospitals) were selected for detailed study. Selection 
of buildings was based on a cross-section of .Uuilding types in concert 
with the following criteria. \_ 

— Building design and construction. 

—Age. , . 

— Size. 

— Proximity to airport. * 
— Exposure to noise environment. 



Data were obtained on building construction, size, use, occupancy 
and other pertinent aspects from visual inspection and direct measurement * 
or by examination of detail building plans when available Work sheets 
were uaed to record. these .ata and the^actual data obtained were used in 
the analysis and costing portion 'of the study. 

An investigation was made of local building -locations and conditions 

including available plans and specifications, based on the same criteria 

and required information aa that of on-site investigations, ■ at all other 

large^ and" medium hub airport-communities across thp nation*. Data were 

• obtained by direct contact with local authorities. This process was 

successfully completed by telephone and/or the~mails. 

* » \ * ' . • 

" Forty 'random samples of small general aviation airport-communities 
.supporting jet operation were also taken. On a .regional 'basis* these 
.airports were grouped under the FAA National System of Airport Classifi- 
cation (-1972 National. Airport System Plan}'. , Using^alternative stratun 
procedures, the data obtained were projected to estimate the impact at 
the remaining small airports within each region. - r 

The data obtained through these procedures, provided natioriwide 
^statistics compiled fronT regional data which includes numbers of buildings 
"and occupants, location^ size^ construction, materials-, age, and other , 
pertinent .factors necessary to analyze hnd assess the effects and need for 
soundproofing. • ' * 

NOISE MEASUREMENTS ' , •* / 

Exterior and interior noise levels were measured during aircraft 
flyovers at selected locations, within three geographical regions. The 
objectives of these field measurements were to; ' ' * 

—Provide direct base' data tfn the attenuatipn properties ^ 
- of 'building types subject to th£ study—. 

--provide measured noise levels for comparison and vali- 
dation of a prediction methodoLogy used in determining 
building noise reduction capabilities. « * 



r 

With the assistance 'Oi ^local authorities, buildings were selected 
within the noise impacted area of a large hub airport in each of three 
geographical region^. Regions wejre Selected to reflect the diversifi- % 
cation in climate, construction patterns and % local conditions throughout 
^the country. The regional areas and airport-cities selected /were: 

— Region A: * Los Angeles, California. 

* — Region D: „ Boston, Massachusetts. 

* « *, • * 

— Region F: Denver, Colorado. " ' 

■ * . 

Ten buiddings within each area were considered fqr noise measurements. 
Minor* deviations resulting from adverse~weather , local flight patterns 
and certain other .uncontrollable on-site conditions siightly altered these 
measurement^ at selected sites. However, the- measurements taken were 

sufficient* in number /and accuracy to satisfy study requirements. 

* * ' " -~ " 

INSTRUMENTATION . ^ 

The instrumentation system, used in taking ttve. measurements consisted 
of a two-channel magnetic tape* recorder equipped with two condenser 
-microphones. A precision sound level meter was used for ditect reading 
of sounS revels, and also. as an amplifier in one microphone channel. 
Xhe-fxequency^e^Bonse of each channel 6l the assembled system was 
tested. ; The system response was fooqd to be flat to within +1 dE over 
a frequency .range of 100 to 8000 Hertz (Hz; . In the .field, 100Q Hz 
calibration tones were Recorded before eaclT set o£ measurements. 
Standard practices and . procedures, including calibration, were used In 
taking of all measurements. - 

MEASUREMENT DATA " ♦ " > 

Table 1, shows /the noise measurement data taken in the Los Angeles 
Sqrea. Similar measurements were taken of buildings in? the Boston and ' 
Denver area. The values shown represent the simultaneously measured , 
exterior and interior noise levels and the differences between the two,"* 
which. is tjhe existing building/room noise reduction (NR) capability. 
All Values are maximum A-weighted sound levels expressed in decibels. 
Except, as noted, Vach v*alue shown, is the, arithmetic average of measurements 
from twelve noise events. The deviations of the exterior and interior 
levels are due primarily to variation of levels ^among individual aircraft.- 
The deviations of the resultant noise* -reductions* are due to variations 
associated with different aircraft spectra/ together with specific room* * 
characteristics. These variations are normally expected, and are the 
reason noise reduction is taken as the average o£%a number i>f events and 
a number ^pf interior positions. 
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Measured Levels and Noise Reduction-LAX 



t 


| Exterior 


Interior 


Avg: NR 


t Building^ 


Room" 


• Max. 
(db) 


Std. 
Dev.. 
(db) . 


Max. 
(db) 


Std- 
Dev. 
(db) 


(db) 


Olu. 

Dev. 
(db) 


impenai ocnooi 


2 


85.7 


4.1 . 


56.8 


3.2 


28.9 


1.'8 






85.0 


5.2* 


57.5" 


3.1 


27.5 


2.6 




6 


82.6 


' 5.1 


50.8 


'3.4 


31.8 


2.5 


Lennox H.S. 


4 Bldg 3 


71.3 


3.3 


50.9 


4.2 


20.4 


2.3 




3 Bldg 6 


-75.6 


5.6 


53.7* 


5.7 


21.9 


2.0 


Felton Ave. 


3 Bldg 4 


71.3 


3.7 


57.9 


3.3 


13.4 


1.5 


9 


89.1 


5.0 


70.8 


5.6 


18.-3 


2.4 


Schobl* 


*5 ■ 
\ 11 


83.8 


6.5 


65.7 


8:7 


18.1 \ 


2.7 . 




86.1 


6.0 


66.9 


7.3' 


19.2. 


2.4 


-Clyde Woodworth 


4' 


78.4 


5.1 


57.0 


4.1 


21.4 - 


1.5 


jSchool \ 


V 

J2 






» 




TVlbrningside H.S. 


86.0 


3.4 


63.2 


3.9 


22.8 


1.1 




V2 


76.0 


8.4 


54.5 


6.3 


21.5 


. 3.5 


CentineJIa 


5114 ■ 


68.3 


3.5 


.40.8*- 


1.9 


30.0* 


1.7 


Hospital 


8128, 


68.9 


3.2 


42.6"** 


1.5 


29.9** 


1.0 


Westchester H.S. 




67.2 


5.4 


51.3 


4,9 


16.0 


1.3 


Imperial Hospital 


227 


69.4 


2.3 


46.0 - 


2.0 


23.3 


2.3 




. 224 


69.2 


2.3 


47.4 


1.9 


21.3 


2.7 



Counting only 5* interior measurements a'bqve background. 
"Counting only 4 interior rpeasurements^above background. 
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PREDICTED NOISE REDUCyiOH 

•» * .# » 

Suitable methodologies exist for predicting the noise reduction 
properties of a building/room based on the design, materials used, and 
structural elements of the building. The methodology used in tHis - * 
study is the Exterior Wall Rating (EWR) . The EWR is a single number 
rating resulting from the summation of transmission losses associated 
with whe , individual construction elements (i.e., roof, ceilings, walls, 
doors, vents, window glazing, ^ etc.) of the building. By coupling' the_ 
EWR with the absorption properties of the room a noise reduction value 
was computed. % . .""N 

MEASURED VS PREDICTED NOISE REDUCTION 

Using ttie prediction methodology described above, noise reductions 
were calculated for each of those buildings where noise measurements were 
taken in the. Los Angeles, Denver and Boston areas/ These calculated yalues 
for the Los Angeles "buildings are shown in Table 2. A comparison of the 
predicted and measured noise reduction for buildings in Los Angeles is 
shQwn in Table 3. ^A summary of the statistical analysis of the differ- 
ence§ between predicted and measured noise reduction in all areas of v 
measurement (Los Angeles, Denver and Boston) is provided in Table 4. 

While there are incremental differences between measured and 
predicted noise" reduction .values, the*90 percent confidence limits, 
about the mean (Table ^) , indicate a maximum difference of +1.45 dB. 
Considering inherent field measurement inaccuracies of typically +!L~2dB \ 
togethqr with prediction methodology limitations, 1 the variances between 
measured and' predicted values, fall within, an .acceptable range of tolerance. 
Thu.s, 'the *noise reduction measurements taken support the prediction 
methodology used for .projecting national data. 
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"A sabine is defined as a unit of acoustic absorption equivalent to thcabsorption 
by one square foot of a perfect absorber. s ' 
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Predicted and Measured Noise Reduction-LAX 
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Table 4 



Summary of.. Statistical Analysis of Differences 
Between Predicted and Measured NR - 

,(lrnDecibels) 



- 90% Confidence Limit 



Airport 



N* } Mean 



0** 



Lower 



Upper 
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Mean 
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BOS „ 
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17 
14 
11 - 



-0.62 
1.35 

-.1.06 



2.55 



2.34 
2.65 



•1.70 
0.24 
-2.51 



0.46 
2.46 
0:38 



±1.08 
±1.11 . 
±1.45 



'No. of rooms 'measured for each city" 



Standard Deviation 
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CHAPTER 3 

■ MAGNITUDE AND DETERMINATION OF NOISE IMPACT 

* « t 

■ «* 

EXTERIOR NOISE LEVELS . , . / [ ; * 

A building's exterior noise impact varies as a function of aircraft 
noise source level and operational flight path,. noise metric used and 
the building location in reference to the noise source. The following 
conditions and assumptions were. considered ia estimating, the exterior 

noise Revels of buildings within the- study ♦ : \ 

* '« , * * . • _ * ». 11 

— Maximum single event A-weighted sound level, 
. — Fleet median aircraft type. 
— Takeoff thrust, uniform departure paths. 
— Incremental sound level cdntours 

— Building location with respect to ^loise source. r 

While simplistic in noise exposure concepts, use of the m average 
maximum single event sound level was considered more manageable and 
appropriate to the objectives ancFconstraints of the study. Also, if 
desi*ad, incremental 5 noise reductions can be used in^de^eloping an 0 
Equivalent cumulative metric "resulting from building modificatloni^" 
relative to single event analysis. / s ~ * ' . 

» 

, Analysis of the different .commercial Jet aircraft types and their 
performance characteristics indicated that an average, or fleet median 
aircraft' type noise source could be usecj for determining exterior 
noise impacts. The fleet median type used, ftom Figure 2, is a_two- 
eng^ne narrow body jer aircraf tv.(e»g. , DC-9 "or B737) . This source noisfe 
is also applicable to a small business ^et wnen a slight; adjustment of 
approximately -4**dB is made. 

The noise source level of the fleet median aircraft, is based on v 
maximum allowable takeoff jthrust for a standard sea level day. The 
takeoff gross weight ia that for a medium-range stage length (approximately 
800 rum.)* Thfc departure flight tracks are assumed to be straight out'/ 
on the departure runway heading. A uniform climbout profile is assumed.* 
Based on these conditions, .contours covering impacts from 110 'to 
65 dB were developed in increments of 5 dB. 

The contours developed were overlayed on U.S. Geological Survey 
maps with building sites located. The noise impact level was read 1 
directly, or by interpolation, for each -site. v 
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Departure Noise Levels for Commercial Jet ^ircraft 
(Takeoff Thrust) 
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- INTERIOR KOISE LEVELS % ~ 

^he noise' level inside a room is a function of exterior noise 
impacts, m building attenuation and absorption properties, and internal 
ambient levels of noise generated by occupancy use of the room. Essentially, 
interior, noise levels are a balance between noise sources and losses. 
This study Aid not consider internal noise generated by noripal occupancy 
and use, bu€ such would be a Consideration on a case-by-case evaluation. 
\ Based on external noise impact onty, the interior levels determined for 
the study become a function of the noise transmi-ssion through the 
building's structure and the absorption- properties of the room. Simply 
stated, interior noise level's equal exterior noise impact minus the 
building's noise' reduction capability (transmission losses through. walls 
and absorptiort of interior surfaces) . 

Measured noise reduction, exterior minus interior levels, in 
• units of decibels,* was determined for each of the 60 study, buildings 
investigated^ in the" on~site^£ield analysis porticn of the work. Using 
the information gathered as to building desigfr, construction, size, 
condition, etc., transmission losses were calculated; assuming all\ * 
windows and doors closed, . through application of the Exterior Wall 
Rating methodology, pre\fitfufely referenced. The interior absorption 
properties of tlie rooms were determined through measurement and calculation. 
While interior absorption y a lues did vary among Buildings, the differences 
were not considered significant in determining noise, reduction levels. 
Constant interior absorption values were used for both classrooms and 
hospital rooms. « . *" 

Analysis of the* individually determined nois£ 'reduction values indic|le^ 
independent of Regional differences, that an average of 21 dB noise 
reduction was applicable to 90 percent of all schools. The average for 
the. remaining 10 percent was 29 dB, Less data were available for hospitals. 
However, the national! average in noise reduction for hospitals was 
estimated to be 23 dB. These averages, proportioned for schools, were * 
usdd in^ determining, interior noise levels on a regional and national 
basis. • * „ i f 



t NATIONAL INTERIOR NOISE LEVELS 



jThe'' interior maximum A-weighted sound levels <Sf the schools 
^hospitals and publi£ health facilities identified in. the study, due ^tp 
aircraft noise, are listed in the following table. Thfese national 
.values are a summary of regional, data yhich were established as a Result 
of the calculated differences between predicted exterior levels due to 
aircraft noise and the noise^ reduction of the building types. 
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National Summary ^ 

Interior Noise Levels 

* 



interior Maximum 
A^Weighted { 
Sound Levels 
(dB) 


Schools 
Number of 
Buildings Students 


. Hospitals* - 
Number of * 
Buildings Patients 


feess than 40 
40-44 
45-49 
'50-54 
55-59* 
60-64 
65-69 
70-74 
75-79 

80-85 . • 


20 ^ » 17,000 
37 27,000 
90 ' ' 6X000 

•150 ■ t'09;000 

215 "—^ 146-000 
" 234 ' 149,000 • 

203' 123;000 
76 48*000- 

. 32 . 19,000 


, ~ ■ «~ •• 

2 8G0 
10 3,000 
• • 18 6,500 
v 25 ' 7,400 
•17 6,600 
12 5,300 t 

2 800 * 

3 400 « 


Total .(Rounded) 


1,100" 707,000" 


■ 90' 31,000" - 



d Includes Public Health Facilities 

* 'includes both public and private Facilities 
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CHAPTER 4 t , 



'* REHABILITATI ON 

-;- ) ■ ; ■ , 

As used In this. study, rehabilitation covers 'the aspects of modi- 
fying existing build in|s r rpoms for soundproof ing purposes. The results . 
provide xncreased noise reduction values and lower interior noise level*. 

Soundproofing buildings consists of eliminating or reducing the . 

exterior to interior transmission of sound and improving the absorption 
properties of the room's interior. While improving interior room absorp- 
tion contributes to lowering interior levels/ the net effects' small 
-in comparison to improvements' a,ttainableV through increasing transmission ' 
losses of walls ^nd ceilings. Although absorption properties are included 
in est ablish ing incremental improvements in noise reduction, major 
_emphasis-isr given to those modifications, affecting transmission paths 
and losses. - . - 

' • . " • '*-.»•.. •>. 

BUILDING MODIFICATIONS • C . " „ 

. s »* .' ' • ' \ ' • ' 

• .Soundproofing an existing building consists of identifying the 
elements 'which provide transmission , paths into the building, then 
applying appropriate modifications. Up. to f a"certain point, modifications , 
can readily be identified from.- comparative transmission loss.' For example 
if an unsealfed hollow-core door v is the 'only ' transmission 'path, a 10 6 dfi 
improvement can be obtained by replacing it with a weathers tripped 
• solid-core -door. _ . •.»..• ' •• 

; . . • • 

; Slightly more sophisticated Modifications include adding 
insulation and/pr .Layers of paneling *t6 existing wallS'_ 

v; - ; ' J?-. . . 4 . " * , 

Soundproofing is very much\a Leak-sealing process. The largest 
"sound .leaks" are attended to <f if st£' within , the Context of .the. particu- * 
Tar building. As an example of soundproofing effectiveness, a 10 <JB 
improvement in the>buildihg's, nols,e reduction^'capability 'cof responds ' 
to an effective halving of the perceived loUdpess o£. no-ise. 
- s " . * : ' • » • j « 

In view of the above considerations and the no isV reduction pre-" 
diction methodology, incremental improvements 'In noise reduction were 
calculatecmpr feasible degrees of .soundproofing modifications.' 
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Modifications considered include: . . ; " * 

—Replace existing Windows with* scaled double glazing with,EWR « 40. 
This i$ accomplished with acoustic window designs having' a " 
sound transmission class rating of 40. An alternative "is to 
install a second layer of glass with at least a 2" air space,. and 
.absorptive material around the building. ^Both layers of .glass 
must be at least 3/16" thick and well sealed.* * ' 

7 —Upgrading doors and seals. In some cases "acoustic seals" 
specifically designed for noise insulation" are required. 
Examples are neoprehe seals which are tightly compressed by " " 

\ the door and mechanical drop seals at the bottom. These seals. " 
provide a higher degree^ of airtight closure than does ordinary * 
weathers tripping. ^ ^ v 0 " „ 

< *■ 

—Acoustic baffling^of vents. These are custom-designed 'baffles " 
.which provide an absorptive sound strip without restricting air 
flow. These can be required 'for ventilated attic spaces and 
through-the-wall unit ventilators. * 
v • * * » - 

. „ — Adding insulation to -walls and attic spaces. . * " - 

—Adding another layer of material, in effect creating- a two-panel 
wall where the original wall is considered to* be the first panel. 

. .The new gy^sumboard or plaster is' mounted 'on studs, , furring 
strips, or 1 layer of fibWboard. Using fiberboard improves 
the transmission loss ~of a frame or block wall by s at least 10 dB, 
^and requi^es-4^^space than studs Or furring strips. 

- — Eliminating windows and filling. the spaed to 'match the exterior K 
walls. * "« . 

The modi ficat ions considered feasible and practicable were calcu- 
lated for the, 60 study buildings, -producing incremental improvements in 
t- noise reduction. «In analyzing the results 'of these calculations, it , - 
was found that certain m0dif ications .pould be grouped into categories 
which provide the .same order of improvement in noise reduction. Modifi- 
cations were classified in two categories: t ' 

' . .*•*.. . ' 

— Category A modifications include' replacing existing windows with 
• sealed double glazing, providing mechanical-ventilation as needed 
installing weathers tripping, replacing doors, insulating walls, 

• - ■ ceilings, 'and attics. > • 

. .. • 

• ' These modifications when applied individually or in combination^ 
provide an improved incremental noise reduction of approximately 10 dB . 



. — Category B modifications include eliminating windows* and filling 

space with existing wall materials; adding interio.r w&lls and ceiling 
tiles, installing acoustic double doors, building entrance vestibules, 
installing acoustic attic taffies, and installing mechanical ventilation. 

these modifications >applied/Ih the same context as those* f or*Xategor-y^____ ? _ 

A, provide an improved incremental noise reduction of approximately 20 dB < 

Category B modifications are the practicable limits of applied soundproofing 

within the study/ " ' 

• r '■ ,. . 

The use and application of the category concept is to provide 
comparable noise reduction values £or estimating purposes. Ttye modifi- 
cations used under each category -vary as a function of the .existing 
regional building and a given lev^el of noise reduction.* *In practice a 
different extent o*£__sound proofing could^easily be determined and applied 
depending on the, locally determined needs. ^ , 4 

/The application- of 'eithe^ Category A or B modifications provides, , 
in addition to quantifiably improved noise reduction values, a basis 
for. estimating representative costs $P specific levels. of soundproofing. * * 

THRESHOLD NOISE LEVELS - ' - * ' * 

The noise impact within buildings, due to aircraft operations, 
covers "an 'extensive range of levels. In providing quantifiable findings, 
upper and lower levels of noise itopact are required'. *The upfcer levels, ^ . 
discussed in Chapter 3, are directly related to aircraft noise source * V 
impact. Defining tfye lower levels required research and analysis. ^* 

The lower levels, by definition, awe Jthreshold levels of interior 
noise. Two threshold levels were determined and usedj. one for Schools, 
.and another for hospitals and .public health facilities. These A-weighted 
sound leyels are: ■ ; s /. p 

—Schools ' ■ . \ - 45 »dBA 

—Hospitals and Public Health Facilities 40 dBA * m 

> . * * ■ * 

^^-^-We'se^threshold levels are not, nor should they be taken to 
acoustic criteria, specifications or standards .regarding building^ 
soundproofing requirements. 'They are simply the lower limits of interior 
noise levels utilized in the study's analysis, costing and findings. „ 

" DEVELOP MENT . . - ' r ' . . « - 

. . - - *•* - * * 

Threshold levels, were developed under t\\e rationale and within the c ^ 
objective of avoiding interference .wijth noise-sensitive activities. 
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The adverse effects of noise .exposure on people can be grouped . 
into three general categories: degradation of health, $tt;itudinal 
reactions, and activity interference. In general, the noise levels 
defining the threshold of interference with certain noise-sensitive 
activities (i.e.., sleep and speech) are lower thaa^thope, associated' 
with*" the other two categories of. adverse effects. For this reason, 
activity interference is the criterion used- in establishing threshold 
noise_leye ls for ed ch type of publi c * buildin g considered. . ' 



-zAlthougli a variety of activities, exists within any building, 
activities can be identif ied\f or ^ach building type on the basis of 
primary-activity requirements and susceptibility to noise intrusion. 
The building types considered were schools, hospitals ,"and public health 
facilities, For schools, the primary^ consid erat ion for interior noise 
is speech communication. For hospitals, the primary activity .ol imjpdr-" 
tance *in regard to the nolse^environment is £leep. .With the functional 
similarities^ between hospitals and public health facilities, it is 
assumed that the primary activity for pufclic health facilities is also - 
sleep. Based on the considerations described above, alliterature review 
determined the noise levels below which interference with the activities 
of^speech^and sleep_should not. occur. 

«i. " * - « ---- - - 

SgEECHTlNTERFgRENCE . V # " ' 

The aircraft nois.e transmitted to £hq interior of buildings is 
considered a background noise capable o c f. interfering with speech 
communication i -£uch interference is a function of several factors: 

— rNoise level «and spectral ^content of the backgroOnd noise 
< - at the liatener's ear. t * x 

. — Spectral characteristics and voice effonp of the Speaker. * 

— Propagation .of the speaker *s 'voice to the listener(b). For ~ 

typical indoor communication, conducted without the aid of any 
^amplification, this propagation depends upon the separation 
distance between the speaker and listener(s) and the acoustics 
of the room. „ ' 

For speech communication in*a classroom situation, at least two 
additiona|t^actprs ^re. also, pertinent:"" 

— A noise qnvironment which is conducive to learning is 
y# required. (For example, repeated short-term disruptions of «. 
speech communication can degrade the' efficient— flow of verbal 
• ^instruction and lessons.) *' . * 

t> .* . , 1 ^ 

. — Children are not as familiar as adults with language and, 
therefore, according • to existing research, should have JLower 
background noise levels to achieve the same degree of speech 
'comprehension as adults. 
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Considering these-, factors, the following procedure identifies the 
threshold* level of speech communication in school buildings* 

— Representative aircraft background noise levels were predicted. 
^ f tor locations inside a. school ^classrooih. /These levels were 

.based on extensive data on outdoor aircraft noise spectra arid 
"- — ^outdaox/indoor nois£_reduction values of buildings. * , * 



—Data published on ^he level and spectrum of a female voice 

exhibiting praised vocal effort were used to estimate, the speech 
level at a .conservative distance of 9m (29.5 ft) from the speaker. 
(Based on the acoustic reverberation measurements conducted in 
school classrooms for the study, this -separation was more than 
sufficient to place the listener in .the reverberant; sound field 
" _of the speaker's vfcice.) * < ^ . 

* » • < . - 

— A standard method for predicting speech communication ef ficiency^_ 

based on us^ -of the Articulation 'Index (AI) , was employed to 
predict the amount pf speech interference for various levels of ' 

-aircraft noise inside the hypothetical classroom. 1 ' . 

* * ■ 5 ' ~ . . ; ' ~" "~ -Ov ■ . — 

Th^' results of 'this analysis are summarized in Figure p. . . This 
illustrated how the AI increases As the background noise^J^Vel decreases. 

From this mo.re abstract measure of speech communication_ef f iciency , , 
it is possible to- predict the intelligibility of complete sentences' as a 
more direct measure of communication effectiveness. For an AI of 0.98, 
100 percent intelligibility, of first-presented sentences and 98.6 percent 
correct identification from a list of l t ,Q00 phonetically balanced words ~ 
are obtained for adults; ■ ' „ 

As indicated in Figure 3, an AI of 0.98^is obtained when the-back- 
"ground A-weighted sound level is 45 dB in the classroom situation considered 
in this analysis. Further reduction 9 of the* background noise level would 
produce no substantial* increase ,in AI or in sentence intelligibility*/ 
Therefore, d leV?el of 45 dB/ due to intrusion of aircraft noise inside o 
school buildings, was selected as the threshold „ level fpr onset of* 
speech ^interference "effects in £uch buildings. * * 

* SLEEP INTERFERENCE , K , V ' 

Because sleep may be crupial to patient recovery, and is a critical 
activity for patients in hospitals, interference with sleep is the 
criterion used in the consideration of the noise environment of hospitals. 
Unlike communication interference, the effects of noise on sleep are 
not well understood* Experimental, research has been concentrated on 
aasociating sleep iaterfe*.ei1ce -with given noise environments for 
either the awakening .of a subject due to a particular noise presentation 
or a change in sleep stage "as d&termine^ by' physiological indicators. 



No clear evidence was found to establish any one type of noise_ 



petric as preferred for evaluating sleep interference effects. Efforts 
to .collapse the. wide variety" of experimental data in terms of energy- • 
average values of the various types of noise evaluated have only been 
•partly "successful. One investigator has, in fact, been ab.le to estimate 
the approximate change in s*leep interference responses simply in terms 
of A-weighted* sound levels. , - „ 

, These estimates, jghpwn in Figure. 4., indicate the approximate number 
af> people who would; . • ^ * 



(1) . have their sleep state changed, or , 

«» • • . •. • • •. 

(2) be actually awakened as a function of the sound leve,l of 



? exposure. " ♦ 

• * - 

The lines in .the- figure represent only the estimated me"an_trend~in 
sleep interference data with results of individual investigations 
scattered as much as +9 dB about tfje mean trend lines illustrated. * - 

Based on thfe intercept of thfe "awakened 11 trend line in figure 4 
with the zero ^response axis, an A-wexghted sound Jevel of 40 dB was 
selected for the threshold level of noise for patients in hospitals and 
other public health facilities. The potential scatter of experimental 
data, obtained primarily under laboratory-like conditions, about these 
t trend lines, t makes it difficult "to evaluate reliably the sensitivity- of 
this. threshold limit for sleep interference to changes in the limiting . 
level". Increasing the noise exposurd above ttje threshold limit level of 
40 dB would cause the expected^ number of people awakened to increase by 
approximately 1 percent per dB, and *the y number of people whose sleep 
state was changed to increase by about 1.3, percent pejr dB. n • 



Summary 



♦ 



Interior levels for defining the thresnold for. effects on people 
^were established for -schools, hospitals and public health facilities. 
t Noise exposure to levels below these £re not expected to produce any 
interference effects on people. - j * 
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CH APTER 5 
COSTS 

Nationwide, the estimated cost of rehabilitating aviation noise 
impacted schools, hospitals and -public -health facilities to a feasible 
and practicable level of soundproofing modification woMuld be approxi- 
mately $204,00^,000 spread over a period of years. This value is based 
on 1977 dollars, exc luding factors , or provisions--£or-^ost-es^a^at±otn — 
The total amount is the sum of regional costs, developed from-assumed 
modifications applied to 6ft study buildings. 



COST DEVELOPMENT 

'Values developed are the dollars which would be required to improve 
the noise reduction of existing buildings on a region-by-region basis. 
The cqsts to achieve improved noise reduction vary by region* due to the 
rehabilitation modification necessary, construction practices employed, 
material used and local labor rates. However, the methods and procedtifces 
for cost- development are the same for all regions. v 

METHODS AND PROCEDURES \ * 5 

v Sixty study buildings form the basis of estimating soundproofing 
costs'. The cost was calculated to modify each of these buildings, 
grouped by regdon, to achieve the improved noise reduction of Category A 
'and B rehabilitation. Each element of the modification was estimated 
separately. The total" cost of the modification is. the sum of all elements. 
Element cost # was developed from a common cbst database- of national 
construction unit cost figures. Unit cost figures were, adjusted for 
regiqnal variations in material and labor by regional post factors. 

Based on the individual building^ modification arid costing analysis, 
an average modification and post were developed and applied, to all * 
bi^ildings^ in the region. . Separate analysis was performed for schools and 
hospitals (public health facilities vere considered hospitals, in this 
procedure) . T — ^ 

COST DATA BASE ' "... * - r 

The cost data base includes the unit costs of all elements in the 
modification including regional cost* adjustment factors arid the "markup 11 
dollars. The rehabilitation "markup/ 1 including overhead, .profit and 
contingency iK is a uniform 25 p*r**nf >*f "the Mv\±fJsJ\f1on r^sts The-; 
ttir£e basic cost references used to develop the unit cost figures Were: 
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~ The 1977 Dodge Construction Systems Costs , New .York: McGraw 
Hill Information Systems Company r ' 

- ^ 

— The 1977 Dodge' Manual for Building Construction Pricing and 
Scheduling , New York:- McGraw Hill Information Systems Company 

— 1 Hospital/Healthcare Building Costs , Farley, j\ H., Chief Editor," 
New York: "> *Graw Hill Information Systems Company 

The,se manuals ar^compjrehensive *and accepted in construction 
Pricing, ^practices. The cost figures -ar-e-based^Qn national cost averages 
which* are i updated periodically from information collected at actual ■ 
on-job sites throughout the country. Current values -represent early 
1977 prices. Basically /the values show labor, material and total 

_ costs in square feet of intended modification. Thus, the modifications 
applied in the ..study are jLn terms of square footage of work to be done* ' 
except in the instance of Heating, Ventilating and Air Conditioning (HVAC) 
.work. Where^HVAC is . included, the unit price of HVAC is based' on ,the " 

.square footage of the room floor. .« - * 



muromrcasirxDjusTtfEm , - ~ - 

* v ' While unit cost figures are provided on a national* basis, £he % " 
Dodge Manuals recognize the variances in labor and material. costs ( 
throughout the nation. Cost adjustment data for the cities listed 
in -each of t'he study regions were compiled and averaged to produce 
regional cost factors. Applying regional factors' to the national costs ^ . 

adjusts the unit costs" up or down, as appropriate to the condition?. i 

of each region. , \ 1 

' PRO GRAM COSTS " . * \ 

The Estimated dollar ccsts for reducing the interior noise levels " ■{ 

Qf existing schools, hospitals and public* health facilities to within 
feasible and practicable limits are considered" program crosts.. These costs 
and the. noise reduction they provide are presented in national values. 
While valid ifK s t£ls context they^are averages and should be* used as 
reference' and' guictajce only. Casa-by-case local site evaluation and 
cost estimating rreedXo "be accomplished to determine actuai facility' 
reHabilita'fcicm costs. ' 

\ ^ *' ' • * 

Soundproofing costsu by region,, wfere developed 'for both schools and 

hospitals (including public health facilities) \by determining ? 

--The* level of noise reduction to be attained\(Category A or B) . 

— Modification to be applied, per room. \ 
\ ■ " \ • ■ 

i "—The number of jo^ms to be modified under Qa'ch category. 

— Cost per £opm?tinti2s number of rooms per category. u 
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Regional costs" are^the sijm of all modification costs within the' 
regiqn and national costs are the sum of all regional costs* 

' i , / . • . 

A^key item in developing costs was the degree of modification 
assumecL, to be applied. The criteria used in determining Category, A 
or B improvements^ were baaed on the following. 

Category modifications are applied in the following manner. ' 
Category B modifications (approximately 2J3 dB Improved noise^ reduction) 
are applied to those buildings/rooms with existing noise levels-of 60 dB 
and above for schools, and those of 55, dB and above for hospitals, and, 
public health facilities. Category^ A modifications (approximately 10 dB 
improved noise reduction) are applied to those buildings/ rooms with 
existing noise levels of 50-59 dB for schools, and those of 45-54 dB for 
hospitals and public health facilities. , These criteria also include the 
feasible and practicable constraints of do-riothing for existing levels 
below 50 dB for schools *and 45 dB for hospitals. Such constraints could 
be removed on an individual case-by-case evaluation and implementatioa 

effort. >c _ * • - - - — 

* s- * * ' 

NATIONWIDE COSTS * " 

t „ « • . & , 

Soundproofing cost estimates are provided, in national values, 
for schools in Table 6* and for hospitals (including public' health 
facilities) ia Table 7. 



' Nationwide Soundproofing Impact and Costs 

c t * 

Schools 



J 

Maximum ' 
interior 
A-Weighted 
Sound Levels 
(dB) 


Existing 


^ Rehabilitation* 




* 

After 




Numbers of 


Dollars 


Dollars . 


Numbe/s of 


<. 

Buildings 


Rooms 


Students 


Cat. A 


. Cat. B- 


Buildings 


Rooms 


Students 


• Less than 4U 








V 










40-44 


20 . 


683' 


17,189 






" 325 


9,315 - 


232,569 


45-49 


37 


1,065 


26,734 






421 " t 
203 


11,407 


''285,198 


50-54 


90 


2*774 


6b, 150 


13,801,000, 




4,937 


123,244 


55-59 


'' 150 ' 


4,380 


109,440 


22,234,700 




"76 


,1,903 


47,420 


60-64 


215 


5,853 


146,230 




'33,693,000 


32 


759 " 


18,933 


65-69 


234 


5;962 


149,024 




34,354,000 ' 








* 70-7.4 


,203 


<937- 


123,244 




28,533,000 








75-79 


.76 


1.903, 


'47,420 




1,071,800- 








80-85 


32*" , 


759 


18,939.' 

i 




% 4,409,000 








Totals 
(Rounded) . 


liocr* 

t 


28,500 


707,000 • 


36,000,00,0 


112,000,000 


1,!00 - 


28,500 


707,000 



* Limited ^by feasibility and practicability 
Includes -both public anci private facilities 



Average: ' .f K 

Cost per room Cat: A S5;030; Cat. B. $5,750. 
Improved NR* Cat. A 10 ±i Cat. B 20 + 3 



Nationwide Soundproofing Impact and Costs 
Hospitals** 



Maximum 
Interior 
' A-Weighted 
Sound Levels 
(dB) 


Existing 


' . Rehabilitation* 


After f 


Number of 


Dollars 


Dollars 


Numbers of 


Buildings 


Rcjms 


Patients 


Cat. A 


Cat. B 


Buildings 


Rooms 


Patients 


Less than 40 

40-44 

45-49 

50-54 * * 

55-59 

60-64 

65-69 

70-74 

75-79 

80-85 


2 

10 
18 
25 
- 17 
12 - 
- 2 
3 


466 C 

' 3,554 
4,514 
3,988 
3,370 
'467 
255 


754 
3,046 
6,522 
7,360 
6,589 ' 
5,289 

820 

426 


- h 

373,900 • 
5,796,800 


11,031,500 
13,234,000 
13,318,200 
9,485,000 
1,523,000 
. 7.76,500 


18 . 
37 
17 
12 
2 

3 ■ 


s3,900 
■ 6,510" 
3,988 
3,370 
467' 
255 


7,076- 
10,606 
' 6,589 
5,289 
820 
426 


Totals 
(Rounded) 


90 


18,500 


' 31,000 


6,000,000 


"50,000,000 


90 


13,500 / 


^31,000^ 



4 Limited by feasibility and practicability 
Includes Public Health Facilities 



Average: 
Cost per room 
Improved 1MR 



Cat. A $2,630; Cat. B $3,050 
Cat. A 11.+ 1; Cat. B 18 ± 2 



• CHAPTER 6 

* - s1 

y BENEFITS 

.The principal benefit in soundproofing public buildings is the 
lowering of interior noise levels^ of schools, hospitals and public 
health facilities, thus providing* improved conditions for classroom___^ 
communications and patient rest and recovery. Al thou ghJjLttie- data 
exist to enable the translation of diisjlreetr benefit into dollars, 
or to quantify the improved educational system, or to quantify the 
advantages of a shortened recovery period of patients, these aspects 
-caifT>e reviewed on a qualitative basis* 

Quantitative benefits of soundproofing can be projected by esti- 
mating dollars saved in energy (schools and hospitals) and the dollar 
valtffe of recovered teaching timet Indications are that benefits also, 
exist in patient recovery time; however , this benefit is more difficult 
to quantify and hat; not been estimated* The values derived, are based on 
.assumptions and projections, subject to validation, and £0 not measure 
the— total value of all actual benefits. Therefore, any comparison of 
the estimated national benefits and estimated -rational costs, in effect, 
understates the actual benefits of soundproofing/- *r 

QUALITATIVE 

SCHOOLS ' 

For schools, the benefit of soundproofing to imffreve verbal com- 
munications in the classroom is reflected in an enhancement of the 
quality of education and a reduction of stress on teachers and students. 
Enhancement in the quality of education comes about through increased 
communication between teachers and studenVs # as well as the educational 
value of reducing interruptions during verbal lessons. Although this 
benefit could be quantified to some degree Jt^/ comparing test 'scores of 
students exposed to quiet and noisy environments, the value of an 
improved quality of education is in effect a priceless commodity. 

• * « • o * 

The reduction of stress in the classroom achieved^by lower noise 
levels results from eliminating the need for raised voices and vocal 
repetition in attempts to maintain communication during noise interruption 
from outside the building. As with improved educational quality, the 
reduction of stress is an intangible benefit which affects not only 
the participants in the classroom, but also ultimately their families and 
society at large. 

■ . ( 



Figure 5 provides a graphic presentation of qualitative impact 
'benefits in soundproof ing* schools. Under the existing conditions 
in schools identified within this .study, 84 percent of all students 
are exposed to interior maximum A-weighted sound levels of 55 dB* or 
higher associated with aircraf t'operations. After soundproofing, 
student exposure to interior levels of 55 dB or higher due to aircraft 
noise is reduced to less than 1J3 percent ♦ - , 

HOSPITALS 1 



For hospitals and public health facilities, the Soundproofing 
benefit of reduced sleepTnterf erence is directly realized by the 
interned patients in the form of a health and quality-of-life benefit 
arid a potentially shortened recovery, period. »■ Additional benefits can K 
also be achieved in the potential reduction of the time that medical, 
attendants are required by sleep-disturbed patients. The reduction in 
patient noise impact through soundproofing is graphically presented in 
Figure 6. Under existing conditions in hospitals arid public health 
facilities within this study, 97*5 percent of all patients are exposed 
to interior maximum A-weighted sound levels of 50 dB** or higher as a 
result of aircraft operations. After soundproofing, patient exposure to 
.interior lev-els of 50 dB or higher due to aircraft noise is reduced to 
21 percent.. w ^ 9 

QUANTITATIVE BENEFITS % v 

ENERGY SAVINGS s 

The soundproofing of public buildings- has two energy related effects; 

— Increased energy consumption by air-conditioning equipment , 
due to elimination of natural ventilation. 

— deduction in heat loss due to the sealing of walls, windows, 
and other ^enings. 

A study performed by *the Federal Energy Administration, "Energy 
Conservation in New Building Design, 11 Conservation Paper No. 43, August 

1975, indicates that energy savings realized by redaction of heat loss 
exceed the increased energy consumption of air conditioning (energy 
costs based on 1977 utility rates). 

The energy consumption required and the energy saved through 
building modifications, including air conditioning as appropriate, 
were calculated using methodology set forth in a Wyle Laboratories 
document, "Insulation rff Buildings Against Highway Noise, 11 August 

1976, which includes the following: . y, 

— Net Energy Saving = (energy savings by sealing and modification) - 
(Added ventilation energy) 



* A level of 55 dB is considered "the ambient interior noise level of an 

occupied* classroom. 4 

** A level of 50 dB is considered the ambient interior nois.e level of an 
occupied hospital room. - 
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Schools 

Students Impacted 

, " \ , , 

.. 300 | . ~ " ~ ^ 




40/44 45/49 50/54 55/59 60/64 65/69 70/74 75/79 80/85 
Aircraft Associated Maximum -Interior A-Weighted 
Sound Level in Decibels 
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. Hospitals (PHF) 
Patients Impacted 
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— Energy Saving, by Sealing * (Infiltration constant (C)) x (Building 
, 1 Volume) x 365* x 24 - 

" ' • • * ' c - 

— Energy Saving by Modification * (Thermal Transmit tance (u) 
Factor) x (Area) x v (Local Annual Degree/Day x 24*) / 

- * . « «. 

— Added Ventilation Energy (kwh/yaar) * Building Volume 

• . 1 233 

• • * » 

* — Weighted average energy cost for gas, oil, and electricity 
is applied to the above energy consumption to translate into 
' 1 1977 dollar costs." 

* *• " 

The results of these calculations, in energy dollars saved, for 
the 1190 public buildiogs covered in the study are listed below. The 
calculations were made assuming that all buildings would have heating, 
ventilating and air conditioning systems. • * 



NET ENERGY SAVINGS PER YEAR ' - 

BUILDING. TYPE s NUMBER NET SAVINGS (77 $) 

Schools ~ 4 1100 1,780,000 

Hospitals 78 ' 230,000 

Public Health Facilities 12 . 30,000 

TOTAL ' J 2,040,000 



v 



TEACHING TIME RECOVERED 



Disruption in classrooms, due to aircraft noise, causes timef delays 
in the teaching process. Squndproof ing would reduce these delays and 
the t,ime recovered can «i>e represented in an estimated foliar val/ue of 
teaching time. The values determined are based on the soundprqof ing. modi- 
fications as applied on a national basis.. Therefore, the dollars* 
recovered are representative v of average improvements for all schools 
where modifications w$re considered. On a case-by-case basis the actual 
teaching dollars recovered would be directly related to the local school 
conditions, frequency of disruptions, degree of modification, and numbers . 
of jteachers impacte'd. 



Adjusted to 180 days for schools. 
- ■ -35- 



The dollar values of teachiftg time recovered is spread over the . 
total number of schools, less those (57) which .were not modified. Time 
recovery increments were determined .using an averagey20 second interruption 
per flyover multiplied by an estimated average of 10 flyovers per school 
per day. An average hourly wage rate" ($12. 40) for teachers was used, which 
was developed from statistical information compiled by the Department 
of Health, Education, and Welfare, National Center for Educational 
Statistics, and is- ba^ed on 180 (yearly) teaching days of six hours each. 
-Based on an average of 25 students per classroom, the approximate number 
of teacher's whose time is under consideration is 26,500. 

* - ' 

TEACHING TIME RECOVERED 

PERIOD DOLLARS (1977) . • 

Average value per day ^ 18,300 

Average value annually (180 school days a year) . 3,300,000 

(Estimated value of daily teacher time recovered^ 

10 \ 20 x 12.40 x 26,500 = $18,300) 
3600 
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CHAPTER 7 



FEASIBILITY AND PRACTICABILITY 



In genera l, t he soundproofing o~f schools/' hospitals and public * 
health facilities •impacted by aircraft noise is both feasible and 
practicable. While feasible and practicable, there are* limits regarding 
the application of soundproofing modifications in achieving specified 
levels of noise reduction. It is neither feasible, or practicable to 
conclude Jthat all buildings within this study can or would be "sound- 
proofed" to the threshold levels of speech or sleep interference. 
However, "on a national scope, the rehabilitation modifications available, 
the noise reduction attainable, and the benefits derived support the 
feasibility and practicability of soundproofing public buildings. 

FEASIBILITY 

Soundproofing existing public buildings 'is considered feasible ifK. 
that it involves structural modifications., or element replacement, which 
.are attainable and avail ^ble.^ It is true that all buildings will not 
attain the same level of noise reduction for a given degree of modification 
due to differences in design, constructioft, age, general repair and* 
remaining life expectancy. However, within limits, applying feasible 1 
modifications to these conditions provides for improved noise reduction. 
In certain instances soundproofing would no tNia. feasible. As an example, 
it would' be less than --Visible to spend rehabilitation dollars on a 
building of projected short lif.e use; or, on one which, because of its 
state of "general repair, would have sufficient "leaks" after soundproofing 
to prevent attainment of the rehabilitation objectives in noise reduction. 
This situation is the e; . iption rather than the rule. 

PRACTICABILITY 



The practicability of soundproofing is Supported by both technical 
and desigfr considerations. The architectual and engineering demolition, 
% redesign and reconstruction Expertise, is available. The labor and 
material for element replacement attd/or modif ication exist. With but 
few exceptions the basic existing'structure^ are capable of modifications. 
For those buildings where desired modifications are not technically 
practicable, reduced levels of modification having correspondingly lc./er 
resulting noise reduction benefits might be considered. Practicable 
limits could preclude any modification at all. \ " 

Further consideration must be given to the scheduling and on-site 
work period of all building modifications considered. Work should be 
scheduled and carried out on a least disruptive basis. It would be 
impractical to disrupt the, buildings 1 use and occupancy , especially 
hospitals, for extended periods of time.. 
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CHAPTER 8 



CONSULTATION AND." REVIEW 



The consultative process t was used throughout the study's development, 
contractual efforts and during the preparation of this final report. 
Guidance, data input and^ views were sought from other Federal agencies, 
state and local authorities, school and hospital administrations, and 
recognized organizations having an interest or expertise in the sound-, 
proofing of buildings for noise reduction purposes. In addition, inter- 
national input was solicited. Information was requested from 25 countries 
regarding their l&undproof ing programs (if any), its cos<t, and resultant 
public benefits, \ . 

/ 

Various means of program coordination were used, including: 
— Correspondence exchange. ^ ' . 

—On-site meetings with lqc^l authorities. 
— Contractual progress briefings (3). 

— Distribution of contractual draft report. 

* \ * * 

\ 

N — rlntrad.epartmental* review. 

* * "\ ' — 

— Public briefings. 
DOMESTIC \^ 

In general, Federal, state and local authorities directly involved 
with noise control programs expressed a positive interest in the study, 
fejt its objectives wefce very important, and gave full cooperation in 
on-site investigations and data submission. Some state. and local 
administrations were, however, passive to negative regarding the study 
or the need for the soundproofing of public buildings. • » 

INTERNATIONAL . 0 * 

The international responses received indicate moderate to extreme 
interest in a public building soundproofing program. Responses indicate 
that within seven countries, to varying "degrees, a program currently- 
exists. 

»v 

— Germany . Soundproofing is not limited to public buildings 
and is subsidized under the provisions of Article 9of their 
Aircraft Noise Reduction Law. Funds are available from the 
general revenue funds of the airport operators for areas 
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surrounding civil airports and from tfre Defense Ministry's 
Budget in the case of military air bases. The amount of the 
subsidy is fixed by ordinance, and .currently is at a rate of 
130 Deutschmarks per square meter (equivalent, to approximately • 
$6.00 per square foot) 6f soundproofing rehabilitation. Subsidy 
payments ar^nade upon application by real property owners. 

* Civil subsidies for the period 1976-1980 are expected to be* 
45 ^million Deutschmarks (approximately $18, 700, 000) .* .No information 
was obtained regarding the number of buildings soundproofed or the * 
public 1 s reaction to the program. \& 

* . * c 

- Canada . Soundproofing programs are a local municipal action. \J 

The Federal Department of Transport disclaims responsibility. 

"Thus, as a function of funds available, programs are imple- 

mented or not *\y individual cities. Funds are m provided from 

"the municipality's Education Capital Budget. Toronto's program 

includes 25 schools, 7 of which, have completed their soundproofing 

activities. Total estimated costs ,are approximately $5,000,000 

($200,000 per school average) . Public reaction is reportedly 

favorable wh^re schools have been soundproofed. 

• Japan . A program for soundproofing public buildings has been 
underway in Japaif for approximately 10 years. It is controlled* 
and funded at the national level. Revenue is provided through 
taxes and user charges. * Regulations provide for sudsidies of 
75 to 100 percent of the total cost. The average percent of subsidy, 
over the program's 10 years, is 90%. While Japan's total program includes 

rivate homes, emphasis has been placed on public buildings. > 

To date, 725 public buildings have been rehabilitated at a cost of , 
approximately $110,000,000 (approximately $160,000 average per 
building). $27,600,000 has been budgeted for public buildings 
yet to be modified. The public is pleased with the results of 
their soundproofing program, so far. 

— Israel . A formal soundproofing program does no*t exist, however, 
two buildings near Ben Gurion Airport have been soundproofed on 
an experimental basis, at government expanse. Neither public 
reactions nor the costs of this experiment were available. 

% — France , Approximately 60 schools and 13 medical buildings have been 
soundproofed in France. Additionally, France is reported, to have 
established a 'relocation program concurrent with' their sound- 
proofing program. Details of coses and public reaction were 
not available on either program. 

m — United Kingdom (UK) . Private dwellings have been and are 

\ currently candidates for UK's soundproofing program. To date, 

-consideration has not been given to public buildings. Program 
» costs and public response was not submitted. 
^ . - "* e 

— - Netherlands . An existing program parallels that of the United Kingdom. 

er|c " 39 - <§ik 



fin- 



For those countries where soundproofing programs are'in existence, 
details on the modification or degree of soundproofing were not .available . 
However, the tabulation of, actual costs -for soundproofing in these 
countries compare* closely with the estimated costs determined in this 
study. Examples: 



COUNTRY » COSTS IN DOLLARS '(U.S .) 

$/Sq Ft 9 $/Building 

United States-(Estimates) 6.++ ' 180,000 

- * * 

Germany (Actual) 6.++ 

Canada* (Actual-7 Bldgs) 200,000 

(Est. - 25 Bldgs) , - 200^000 

Japan (Actual 7 725 Bldgs) - 160,000 

Israel (Actual - 2 Bldgs) 



r 
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CHAPTER 9 
FINDINGS 



Based on the soundproofing study conducted, it was found that: 

—Soundproofing of schools, hospitals and public healths facilities 
located near airports is,; within limits, both a^ feasible 
and practicable meansi, for alleviating the impact of aircraft 
noise. • ' • 

—The costs of applying feasible and practicable soundproofing* 
modifications to existing candidate buildings have been esti- 
mated toS^e approximately §200,000 per building. This amount 
compares closely with the actual cost£ of soundproofing similar 
buildings -in foreign countries. « 
♦rr ^— 

— Soundproofing would significantly reduce the impact on 'students 
in schools and patients in hospitals and public health facilities 
(see Figures 5 and 6). v — 

— Soundproofing would provide social and economic benefits beyond 
improved classroom communications and patient recovery. 

— Any soundproofing of public buildings should be sensitive 

to case-by-case evaluation and assessment of a candidate site. -« 

1 1 
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